Time-accuracy functions for tasks involving single-digit mental addition and subtraction were derived in a sample of 18 younger (mean age -21.7 years) and 16 older adults (mean age = 68.8 years). Sequential complexity was manipulated by varying the number of operations (5 vs. 10); Coordinative complexity was induced by bracketing. Age differences were apparent in the Coordinative conditions, even though no age difference was present in the sequential conditions. This indicates that the age difference under conditions of high Coordinative demands could not be attributed solely to a decline in basic speed of processing. The Age X Complexity interaction was due to larger onset times and lower asymptotic performance by the older adults in the Coordinative conditions but not due to to rate of approach to the asymptote. This implies that Coordinative demands do not differentially hurt access from semantic memory in older adults; however, Coordinative demands do have disproportionately negative consequences for computation speed and self-monitoring in older adults.
The first refers to speed and reliability of basic processing components. Currently prominent models in cognitive aging that attribute age differences in a large variety of tasks to a basic and unspecific loss in processing speed (Cerella, 1990; Myerson, Hale, Wagstaff, Poon, & Smith, 1990; Salthouse, 1985 Salthouse, , 1996 are of this kind. The second possible source of age differences in complex cognition lies in the ability to coordinate basic processing components into a reliable sequence (Kliegl, Mayr, & Krampe, 1994; Mayr & Kliegl, 1993; Mayr, Kliegl, & Krampe, 1996) . In this context, coordination refers to an ensemble of functions such as scheduling of processes or retaining of intermediate results that are often associated with operative and storage aspects of working memory (Baddeley, 1986; Salthouse, 1992) . An important task in cognitive aging research is to determine whether these factors are distinct or not (Baltes, Lindenberger, & Staudinger, in press ). In the present article, we report an attempt at dissociating the age-related influences of working memory from those of speed, using the methodological tool of time-accuracy functions and mental arithmetic as the critical domain of functioning.
Dissociating Sequential and Coordinative Factors
One of the challenges of identifying specific age-related problems with Coordinative functions lies in the fact that the assumption of a simple general factor has proven empirically extremely successful. Two lines of research are relevant here. First, psychometric research has shown that basic speed of processing is a very important mediator between age and fluid cognition. Summarizing 55 comparisons from seven different studies, Salthouse (1993) found that perceptual speed measures were on the average associated with 74% of the age-related variance in fluid cognition. The association between speed and working memory measures appears to be even higher: 88% on the average in nine studies cited in Salthouse (1992) . Moreover, the propor-555 tion of age-related variance in cognitive performance that is related to working memory capacity is also shared lo a large extent with processing speed measures (Hultsch, Hertzog, & Dixon, 1990; Park et al.. 1996; Salthouse, 1991 Salthouse, , 1992 . Second, meta-analyses have shown that reaction time performance of older adults on a large variety of tasks can be predicted reliably and to a large extent from the reaction time performance of younger adults, without any reference to the specific processes involved (for an overview, see Cerella, 1990; Myerson & Hale, 1993) .
Viewing this evidence, one might be tempted to conclude that just one general, speed-related factor is responsible for age differences in fluid cognition. However, precisely the fact that a small but reliable portion of the age-related variance in a number of studies has been found to be associated with working memory, even after speed has been controlled for (Hultsch et al., 1990; Park et al., 1996; Salthouse, 1991 Salthouse, , 1992 , is important here. The small size of this component may lead researchers to consider it neglegible; however, the size of a residual amount of variance over and above a strong general factor may be deceptive with respect to the specific factor's theoretical and practical significance (Mayr & Kliegl, 1993) . Likewise, the fact that average reaction time performance of the older adults can be predicted to a large extent from average reaction time performance of the younger adults docs not preclude the existence of multiple slowing factors (e.g., Fisk & Fisher, 1994; Perfect, 1994) .
In addition, recent experimental work based on the theoretical concepts of sequential and coordinative complexity (Kliegl et al., 1994; Mayr & Kliegl, 1993; Mayr et al., 1996) has provided strong direct evidence for a dissociation between speed-related and working-memory-related age differences. Sequential complexity refers to task manipulations that alter the mere number of independent processing components. Efficiency in terms of cognitive primitives should be the main source of age differences here. Coordinative complexity on the other hand refers to manipulations that affect the need for organizing the transfer of information between processing steps. Intermediate storage of taskrelated information and fluent scheduling of processing steps are critical here, making coordinative manipulations sensitive to potential age differences in working memory functions. Implementations of these two dimensions in figural transformation tasks have revealed dramatically larger age differences in coordinative than in sequential complexity conditions. Whereas in sequential complexity tasks, older adults were about two times slower than younger adults, the slowing factor was between three and four in coordinative complexity tasks (Kliegl et al., 1994; Mayr & Kliegl, 1993; Mayr et al., 1996) . Interestingly, similar strong age differences were found in episodic memory tasks (Kliegl et al., 1994) .
The finding of much larger proportional age differences in coordinatively complex tasks than in sequentially complex tasksis consistent with the notion of coordinative functions being particularly age sensitive. However, proponents of a simple general factor account could argue that the dramatic age differences in tasks requiring coordination are simply an indirect effect of a basic age-related slowing observed in sequentially complex tasks. For example, storage of task-relevant information may be lost with a higher probability in older than in younger adults simply because concurrent processing takes more time. Loss of information may force participants to engage in time-consuming reiterations through the processing algorithm that in turn may lead to the larger proportional age effects found in coordinatively complex tasks (Mayr & Kliegl, 1993) . Nevertheless, whenever an age difference is present not only in the critical condition (i.e., the coordinatively complex conditions) but also in the baseline condition (i.e., the sequentially complex condition), there is a residual ambiguity whether a true dissociation or some nonlinear indirect effect provides the best explanation of the data. For example, it is conceivable that the parameters coding the basic slowing and the probability of having to engage in time-consuming processing iterations are perfectly correlated. It is thus very important to try to create empirical constellations that do allow for identification of specific factors in an unambiguous way.
One such situation has recently been reported by Mayr et al. (1996) . These authors tcsled 9-year-old children, younger adults, and older adults in sequentially complex and coordinatively complex figural transformation tasks. One of the critical findings of that study was that groups of children and older adults could be formed that were matched in terms of their performance in sequentially complex tasks. Despite the equivalence in terms of basic processing efficiency, older adults exhibited markedly lower performance in coordinatively complex conditions than the children. Such an empirical constellation is incompatible with the idea that age differences in coordination are an indirect effect of age differences in basic task components because then coordination age effects would be eliminated when baseline performance is equivalent across groups. One of the goals of the present research is to provide a further strong test of the sequential-coordinative dissociation by trying to provide a situation in which performance in baseline (i.e., sequentially complex) conditions is equivalent or at least close to equivalent across age groups.
Sequential and Coordinative Complexity in Mental Arithmetic
One task domain that seems ideally suited for our goal is mental arithmetic (addition and subtraction). First, sequential complexity of arithmetic tasks can easily be manipulated by varying the number of operations thai need to be carried out. Second, previous research (Salthouse & Coon, 1994, Study 2) has suggested that age differences in mental addition and subtraction arc indeed larger when processing steps need to be coordinated in working memory. In this study, coordinative complexity was introduced by placing brackets in a string of addition and subtraction problems involving between 0 and 7 operations. An example of a coordinative item with three operations would be [(5 -3) + 4) -1; an example of a 3-operation sequential item would be 5 -3 + 4 -1. Consistent with the sequential versus coordinative complexity view, Salthouse and Coon found that the ratio of older over younger adults' reaction times was larger in the coordinative conditions than in the sequential conditions (1.96 vs. 1.23, respectively; the Age X Condition interaction in an analysis of variance [ ANOVA] on raw reaction times was significant). In the present study, we used an adaptation of the Salthouse and Coon research paradigm. The following changes were made. First, we did not use a verification format (true-false) but used a production task (i.e., participants were allowed to type in the correct answer on the numerical keypad). This brings down the chance level from '/ 2 to V 9 and thus allows for a more precise estimate of accuracy. Second, for time reasons, we did not use a continuum of number of operations but only used problems with 5 and 10 operations. Third, brackets in the coordinative condition were always placed at the same location to create a fixed mental set for attacking the problems. We hoped that this would take away the need for advance scanning of the problem and would thus allow our participants to spend almost all of their time in arithmetic processing. The fourth change, documented below, was that we estimated complete time-accuracy functions rather than relying on traditional reaction time measures for our analyses.
The main reason for using mental arithmetic in the present context is that age differences in mental addition and subtraction seem to be smaller than those found in most other aspects of cognition. The mean ratio of younger over older adults' reaction times in sequential mental addition and subtraction is about 1.3 (this is the ratio averaged across studies by Birren & Botwinick, 1951; Charness & Campbell, 1988; Geary, Frensch, & Wiley, 1993; Geary & Wiley, 1991; Rogers & Fisk, 1991; Salthouse & Coon, 1994; Salthouse, Fristoe, Lineweaver, & Coon, 1995; Salthouse & Kersten, 1993; and Sliwinski, Buschke, Kuslansky, Senior, & Scarisbrick, 1994) . Meta-analysis has shown that slowing factors in other task domains are typically somewhat higher; that is, about 1.5 in lexical and 2.0 in nonlexical tasks (Lima, Hale, & Myerson, 1991) . The smaller age difference in simple mental arithmetic may be due to the fact that this task mainly involves retrieval from semantic memory (Geary et al., 1993; Geary & Wiley, 1991 )-a process that is apparently less slowed with aging. Moreover. Geary and his colleagues have found that age differences in arithmetic are largely confined to stimulus encoding and to output processes. In the procedure we used, which is described in more detail below, response execution components do not enter the equation, which might result in very small or even in nonexistent age differences in our sequentially complex mental arithmetic tasks. Finding large age differences in coordinatively complex tasks would then provide strong evidence for a dissociation between sequentially and coordinatively complex tasks.
Time-Accuracy Functions
In the present study, as in previous efforts by Kliegl et al. (1994) and Mayr et al. (1996) , complete time-accuracy functions were derived for each participant for each condition by using the following exponential equation (Dosher, 1976; Lohman, 1989; McClelland, 1979; McElree & Griffith, 1995; Wickelgren, 1977) : In this equation, p stands for proportion of items correctly answered; t stands for presentation time; d stands for chance level (equaling % in the present study); and a, b, and c are the parameters describing the function. The curve described by Equation 1 is negatively accelerating; that is, it remains at chance level up to a certain point in time, where it starts to rise steeply, and it becomes less and less steep with advancing presentation time, flattening toward a horizontal asymptote.
The a parameter (the onset time) represents the minimum time demand in which performance starts to rise above-chance performance as specified in the d parameter. The c parameter represents the asymptotic level of performance; that is, the level of performance one would reach if an unlimited amount of time were available. The asymptote will be lower than perfect if mistakes are made that go uncorrected because items are not recomputed; that is, the c parameter reflects the accuracy of processing an item once. The b parameter represents the rate at which this asymptote is reached. Larger values of b indicate that the time-accuracy function is less steep; that is, participants with larger b values are slower in reaching the asymptotic level of performance than participants with smaller b values.
This approach of mapping out complete functions has a number of advantages as compared with traditional reaction time research. First, time-accuracy functions can provide much purer estimates of time spent in processing than reaction times, which are made up of a mixture of time needed for processing and for both input and output processes. Because the time used to model performance in time-accuracy research is presentation time, output processes are not considered in the time-accuracy equation. Likewise, processes preparatory to the accuracy-relevant computational processes can be taken out of the curves by subtracting the individually derived onset time from presentation time. Consequently, the time-accuracy method yields a purer estimate of age differences spent in central information processing than the traditional reaction time method.
Second, the time-accuracy method allows for a unique way of investigating Age X Task interactions by reverting to statetrace analysis. A state-trace graph is a graph in which the covariation of two (or more) variables in the system under study is displayed (the term stems from physics; see Bamber, 1979 , or van Geert, 1993 , for applications in psychology). In other words, in such a graph empirically derived states of the system are depicted; the variables defining the system are used as the axes. %ung-old plots (often referred to as Brinley plots; Brinley, 1965; Salthouse, 1978) are an example of a state trace in which the performances of younger and older adults are used to define the space (Kliegl et al., 1994) . Usually, data plotted in Brinley plots are reaction times; when time-accuracy functions are available, however, isoaccuracy points can be plotted for each condition. That is, the time needed by the older adults to reach a given level of accuracy can be plotted against the time needed by the younger adults to reach the same level of accuracy. The time t needed to reach a given level of accuracy p (also called the time demand for p) can be expressed as a function of the parameters of the time-accuracy function in the following way:
When depicting isoaccuracy points in a Brinley plot, it makes more sense to revert from total time needed to processing time; that is, total time needed minus the onset time, or
From Equation 2 we can conclude that parameter a has an additive effect on total time demand, independent of b, c, d, or p . Thus, an ANOV\ of a parameters tests for the additive contribution of a to total time demand.
From Equation 3, it can be seen that the contribution of b to processing time demand (i.e., time demand after the influence of a is removed) is multiplicative. Logarithmic transformation makes this contribution of b additive:
This contribution is independent of c, d, or p. Consequently, entering ln(b) in ANO\A tests for the contribution of the b parameter to time demand effects. The remaining term
represents the contribution of c to time demand. As is obvious from Equation 3, it is a scaling factor of parameter b (i.e., there is no unit of measurement attached with this factor). The contribution of c is dependent on both d and p. Thus, as parameter d was constant across age groups and experimental conditions, testing for effects of ln
, at different levels of /?, yielded an estimate of the contribution of c to the time demand effects.
Method
Participants
Twenty participants were tested in each age category (young vs. old). Two younger adults were dropped because Iheir performance did not at alt resemble the negatively accelerated time-accuracy function expected and thai was shown by all other participants (i.e., they performed very well at all presentation times assessed in the coordinative conditions, which basically meant that not enough short presentation times were available for a good estimation of a or b for these 2 participants); 4 older adults were dropped because their asymptotic performance was below three interquartile ranges in at least one condition. The remaining participants were 18 younger adults (M = 21.7-years-old, SD = 2.8; 14 women) and 16 older adults (M •= 68.8-years-old, SD = 3.6; 8 women).
The two age groups did not differ significantly in number of years of education (14.6 vs. 13.8, respectively), ( (32) None of the coordinative items were walk-through items; that is, none could be solved by simply ignoring the brackets.
Presentation times of items were regulated by an adaptive procedure that was implemented independently for each of the four conditions. Items were presented in blocks of 36 items, consisting of three blocks of 12 items for each of the three criterion-referenced presentation times.
The items for the three blocks of 12 items were randomly mixed so that participants had no advance information about the presentation time for the item they were working on. The three criteria were 11,8, and 4 out of 12 items correct. If the criterion was met, presentation time for the items associated with that criterion went down in the next block of 36;
if not, presentation time went up. Increases and decreases of presentation times occurred on a fixed scale in discrete steps (constructed by taking 10% steps upward with 1 s as a starting point). Fifteen blocks of 36 items were presented for each condition. In the first block of the sequential, 5-operation condition, presentation times used were 8.9 s, 5.5 s, and 2.8 s for the three criteria, respectively; for the sequential, 10-operation condition, these were 17.3 s, 11.8 s, and 8.9 s, respectively; for the coordinative, 5-operation condition, 13.0 s, 8.1 s, and 4.1 s, respectively;
and for the coordinative, 10-operation condition, 30.6 s, 15.7 s, and 9.7 s, respectively.
Item presentation was ended by a visual mask, projected for a duration of 500 ms, and a short beep. To prevent participants from storing the last few items in working memory and to continue processing, a short filler task was inserted between the mask and the response screen. A row of three boxes was shown on the screen. A single digit was projected onto the left-hand box for 1 s, a different digit was then projected onto the middle box for 1 s, and finally a third digit was projected onto the right-hand box for 1 s. Participants were requested to type in the three digits in correct order before they were allowed to type their answer to the arithmetic problem. If the answer on the filler task was incorrect, an extra arithmetic item was presented, and results on the arithmetic task associated with the incorrectly answered filler tasks were not used in subsequent data analysis. Participants were made aware of this. We decided against using a response deadline procedure as this might create a disadvantage for the older participants, who typically have less practice with computer keyboards and are generally slower. In our opinion, a response deadline might induce them to make more errors, especially because the number of possible responses (nine) was quite large. 
Procedure
Participants were tested individually. The entire experiment required eight sessions, lasting between 45 and 90 min each. In the first session, participants were informed about the general aspects of the study and took the Vocabulary and Digit Symbol Substitution tests of the WAIS (Wechsler, 1981) . Then they were introduced to the arithmetic task by means of an instruction booklet that explained the tasks and showed sample items. Finally, to get a feel of the task, participants solved eight sample items for each condition on the computer. In the next seven sessions, participants worked through the conditions in the following order: sequential, 5 operations (Session 2); sequential, 10 operations (Sessions 3 and 4); coordinative, 5 operations (Session 5 and part of Session 6); and coordinative, 10 operations (part of Session 6 and Sessions 7 and 8). Easier conditions came earlier so that participants would be well practiced in the arithmetic component of the task when working on the coordinative problems. (The reader may note that if slowing of mental arithmetic with advancing age is partly due to disuse in our older sample, this order of presentation would work against our hypothesis of finding larger age differences in the coordinative conditions.) Throughout the experiment, participants chose a viewing distance from the screen and an auditory output level that felt most comfortable for them.
On completion of the whole program, a debriefing session was organized in which participants received information about the results.
The alpha level for statistical tests was set at p < .05. One-tailed tests were used because the hypothesized age differences are in a particular (viz., the negative) direction.
Results
For each individual we computed the probability correct on the basis of 12 items that were administered with the same presentation time within a block of 36 items. Aggregating across Sessions 2-8, this yielded 15 (5 blocks X 3 times) data points for each of the four conditions. Equation 1 was fitted to the data of each individual by using the Statistical Package for the Social Sciences (SPSS, 1990) for nonlinear least-squares fitting algorithm. The four curves, one for each condition, were estimated simultaneously. The d parameter was fixed to '/>; further constraints were a == 0, & ar 0, £ == \.P was performance on each block divided by the number of items in each block (12); 1 was the corresponding presentation time in seconds. As noted in the Participants section, data of 2 younger and 4 older participants were dropped, either because of a bad fit or because of outlier values. Fit of the individual functions was quite high for the 34 remaining participants (mean R 2 = .78, ranging from .68 to .89). As an illustration, data for 1 younger participant and I older participant, along with the estimated time-accuracy functions, are depicted in Figure 1 .
Next, parameters of the time-accuracy functions were averaged within condition and within each age group. The average parameters and their standard deviations can be found in Table  1 ; the corresponding average time-accuracy functions are depicted in Figure 2 . There were no significant age differences in the sequential conditions in any of the parameters. However, in the coordinative conditions, it took the older participants longer to start processing than the younger adults (parameter a); also, the asymptote reached by the older adults was lower than the corresponding asymptote in the younger adults (parameter c). Thus, age differences seem to get larger when a working mem- ory load is present, at least as far as the onset of the curve and the asymptote are concerned.
Three steps were involved in testing whether and why this projected Age X Complexity Type interaction was indeed significant. First, the time needed to reach a number of accuracy levels was determined for each condition for each individual.
The lowest nontrivial level of accuracy is chance level, which was '/,; the highest level of accuracy that can be examined is the lowest asymptote by any individual in any condition, which was .48. Consequently, we sampled levels of accuracy within these bounds, choosing .20, .30, and .40. These time demands can be found in Table 2 .
Second, these time demands were entered into an ANOXft with age group as a between-subjects variable and type of complexity (sequential vs. coordinative) and number of operations (5 vs. 10) as within-subject variables. Results of this ANOVA are summarized in Table 3 . The same effects were significant for all levels of accuracy. No age main effect was found, indicating that, on the average, younger and older participants need equal amounts of time to reach a given level of accuracy in mental arithmetic. This absence of an age main effect needs to be qualified, however, by a significant (cross-over) Age X Complexity Type interaction. Older adults needed less time for a given level of accuracy than younger adults in the sequential conditions, but they did need more time than younger adults in the coordinative conditions. The complexity main effect was also significant, indicating that coordination takes more time Third, time demands were decomposed as explained in the introduction and were then subjected to an ANOVA; results of this analysis are reported in Table 3 . First, all of the effects present in total time demand can be found in the time needed to lift performance above chance level (parameter a), indicating that coordinative complexity makes for a longer onset time, as does having to carry out a larger number of operations. The age difference was negative under coordinative demands. The difference between onset times for 5 and 10 operations was larger in the coordinative conditions. Second, for parameter b (the rate of approach, representing the steepness of the timeaccuracy curves), only a complexity main effect and a numberof-operations main effect were noted, indicating that having to coordinate processing and having a larger number of operations to carry out makes the curves less steep. Third, the effects on the contribution of the asymptote to total time demand were the same across accuracy levels. These were (a) an age main effect (older adults having lower asymptotes than younger adults), (b) a complexity type main effect (coordination bringing down the asymptote), (c) an Age X Complexity Type interaction (age differences in asymptote being larger under coordinative complexity), and (d) a Complexity type X Number of Operations interactions (the difference in asymptotic performance between 5 and 10 operations becoming larger when a working memory load is present). (The apparently-but nonsignificant-lower asymptote in the sequential-5 versus sequential-10 condition was most probably due to a practice effect, as the latter condition was presented after the former.) Figure 3 illustrates the influence of the asymptote (as com- Summarizing this part of the analysis, we conclude that the Age X Condition interaction found in the analysis on total time demand was carried by the onset parameter and the asymptote, not by the rate of approach to the asymptote.
Discussion
Theories of cognitive aging have often assumed that a decline in one basic mechanism, usually identified with speed of processing (for an overview, see Salthouse, 1996) , is responsible for age differences in more complex aspects of cognition. The main goal of the present research was to demonstrate that this view needs to be qualified. More specifically, the sequential versus coordinative complexity hypothesis states that two fundamentally distinct factors are operating in cognitive aging, the first referring to the speed of basic components, the other to the coordination of basic process components in working memory.
Previous research has indeed demonstrated dissociations along such lines in the domains of figural reasoning and episodic memory (Kliegl et al., 1994; Mayr & Kliegl, 1993; ., 1996) , showing that age differences are reliably larger when demands on coordinative processes are high. However, proponents of the single factor theory might argue that an ambiguity in the interpretation of such dissociations remains when a negative age difference is present in the baseline condition because there is always the possibility that precisely this baseline difference is magnified (perhaps in a nonlinear fashion) onto the coordinative condition. For instance, in a reanalysis of data collected by Salthouse and Coon (1994, Study 2) , Salthouse (1996) found that reaction times in the sequentially and coordinatively complex tasks in this study shared more than 80% of their age-related variance. This overlap is hardly surprising because after all both tasks share the basic components of addition and subtraction. However, the extent of the overlap might tempt some to go one step further and conclude that age differences in coordinative complexity merely reflect age differences in the basic processing steps.
In the present study, we investigated sequentially and coordinatively complex processing in a domain for which age differences typically are much smaller than in the domains previously investigated, namely mental arithmetic (Birren & Botwinick, 1951; Charness & Campbell, 1988; Geary et al., 1993; Geary & Wiley, 1991; Rogers & Fisk, 1991; Salthouse & Coon, 1994; Salthouse et al., 1995; Salthouse & Kersten, 1993; Sliwinski et al., 1994) . Coon (1994, Study 2 as reanalyzed in Salthouse, 1996) already demonstrated that two distinct lines are needed to describe mental arithmetic under sequential and coordinative processing conditions in a Brinley plot. However, even under sequential conditions, age differences were apparent in these reaction time data. Moreover, different traces in reaction time Brinley plots suggest that older adults are merely slower than younger adults; that is, they suggest the dissociation is carried by a processing rate parameter.
In the present study, complete time-accuracy functions were derived. We were hoping that by thus eliminating the output component of the task, age differences in basic arithmetic would be found to be very small or even nonexistent. If it can be demonstrated that age differences exist in coordinatively complex processing even though no age difference can be detected in sequentially complex conditions, this would provide incontrovertible evidence for the position that age-associated problems with coordination information have an effect on cognitive functioning that is independent of basic proficiency in the task. This was exactly what we found. No age differences were apparent in the time-accuracy functions for sequentially complex conditions; reliably negative age differences were present under coordinative conditions. When the data were reverted to time needed Table 2 Time Demand for Three Levels of Accuracy (.20, .30, and .40) to reach a preset level of accuracy, the Age X Condition interaction was significant, indicating that coordinative processing reliably hurts older adults' performance more than it hurts younger adults' performance. Thus, the present study indicates that, even when no age difference is present in the basic proficiency to perform addition and subtraction operations on numbers smaller than nine (at least when the solution space is restricted between one and nine), introducing a coordinative processing demand in the task causes reliable age differences to emerge. We take the age invariance in the sequential conditions as evidence that once output processes are taken out of the time measures, semantic access to basic arithmetic facts is as fast in older as in younger adults. Using the time-accuracy method, we could identify two main carriers of the Age X Complexity dissociation reported in this experiment. First, older adults need significantly more time to raise their level of performance beyond the chance level whenever coordinative functions are required. The traditional interpretation of this parameter is one in terms of time needed for the encoding of stimulus information. This may not always he true. In the present mental arithmetic tasks, the encoding of stimulus information is distributed across the trial. Participants were instructed to solve items in a left-to-right procedure, respecting, of course, the need to solve terms in brackets. Establishing the necessary data basis for increasing accuracy above chance in such problems involves computing the next-to-last intermediate solution and encoding the last operation to be carried out. Thus, in the coordinative condition, a number of processing steps involving intermediate storage and scheduling have to be carried out before the participant can make an educated guess. As a consequence, an age-related problem with coordinative processing should be reflected in an Age X Complexity interaction in the a parameter. This was indeed the case.
Second, older adults had lower asymptotes than younger adults in the coordinative condition but not in the sequential condition. It can be argued that the asymptote for simple tasks such as mental addition and subtraction in the l-to-9 interval does not reflect computational effectiveness when no time pressure is available (this should be perfect for the present sample) but rather reflects self-monitoring or control processes in case errors are made in one or more of the intermediate solutions.
That is, we assume that all of our participants would be perfectly able to carry out elementary addition and subtraction operations when no time pressure was present. Consequently, we interpret differences in asymptotic accuracy as differences in noticing and correcting errors made along the way. The present experiment shows that no age differences occurred in the self-monitoring process when no demands were placed on coordinative processes. High coordinative demands, however, had a much larger negative impact on older adults than on younger adults; that is, the probability of committing an undetected miscomputation in one of the intermediate solutions was much higher in this case.
There was no Age X Complexity interaction in the processing rate parameter (i.e., the slopes of the function). In the present context, this parameter represents the time to solve the item when the participant has reached the next-to-last operation. Consequently, the processing rate reflects primarily the time need for the relatively automatic process of accessing one arithmetic fact in permanent knowledge, irrespective of whether there was a need to store results in memory. The absence of an Age X Complexity interaction reflects the sequential character of the parameter in the context of mental arithmetic.
Thus, coordinative processing in mental arithmetic in old age primarily affects the minimal time demand for processing (parameter a) and self-monitoring (parameter c) rather than the processing rate per se (parameter b). As a consequence, the obvious interpretation of the Sallhouse and Coon (1994) findings (viz.. that the Age X Complexity interaction is carried by age differences in processing rate) needs to be qualified. In fact, the source of dissociations between tasks as revealed by reaction time data alone can never be attributed unambiguously to one of the dynamic aspects (parameter a or b) or to the asymptotic aspect (parameter c) of processing (Kliegl, 1995) . At the same time, the results highlight the merely descriptive character of the present function parameters. Coordinative demands were reflected in the a parameter and the c parameter in this study, whereas they were tied to the b parameter in previous work (Kliegl et al., 1994; Mayr et al., 1996) . If participants had been forced (and given enough time) to recompute the problems once in case of agreement with their first result and at least twice in case of disagreement between their first and second solutions, the age difference might be forced to disappear in the asymptote (parameter c) and reappear in the processing rate (parameter h). Of course, in this case the processing rate would primarily reflect the number of iterative steps to agreement. This assertion needs to be tested but the main point is that the interpretation of parameters in these functions is a quite molar one.
In conclusion, the present research demonstrated that in mental arithmetic two dimensions of complexity, sequential and coordinative complexity, can be dissociated. Such dissociation is in agreement with previous research on the sequential-coordinative processing distinction (Kliegl et al., 1994; Mayr & Kliegl, 1993; Mayr et al., 1996) . In the domain of mental arithmetic, age differences were found in coordinative efficiency even when no age differences were present under sequential conditions. This indicates that the age differences under conditions of high coordinative demands cannot be attributed solely to a decline in basic speed of processing. Consequently, cognitive aging cannot be interpreted as a single construct. Rather, there appear to be different processing modules that are relevant for cognitive aging. The present study demonstrated the existence of two such modules: (a) accessing information from semantic memory, for which no age differences were observed, and (b) computing new representations under coordinative working memory demands, for which large age differences in intercept and asymptote were observed. This conclusion provides strong constraints on future theories about cognitive aging: Developmental differences at least to a certain degree are modulated by modules.
